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The solar and atmospheric neutrino anomalies constitute the only solid and most remarkable ev-
idence for physics beyond the Standard Model, indicating that the lepton mixing matrix is funda-
mentally distinct from that describing the quarks. Here I will report on how supersymmetry with
spontaneously or bilinearly broken R Parity provides a predictive theory for neutrino mass and mixing
which leads to a solution of neutrino anomalies which can be clearly tested at high energy accelerators.
1 Motivation
The simplest interpretation of the solar and
atmospheric neutrino data 1,2,3 indicate that,
in contrast to quark mixing, possibly two of
the lepton mixing angles are large. Here I dis-
cuss how supersymmetry with broken R Par-
ity provides a predictive theoretical model for
neutrino mass and mixing which solves the
solar and atmospheric neutrino anomalies in
a way that allows the leptonic mixing angles
to be probed at high energy accelerators.
R-parity conservation is an ad hoc as-
sumption in the MSSM and Rp/ may
arise explicitly as unification remnant
or spontaneously by SU(2) ⊗ U(1) dou-
blet left sneutrino vacuum expectation val-
ues (VEVS) 〈ν˜i〉 as originally suggested
4,5
but with an ad hoc set of explicit break-
ing terms 6 to comply with LEP data on Z
width. Preferably we break R-parity sponta-
neously through singlet right sneutrino
VEVS, either by gauging L-number, in which
case there is an additional Z 7 or within
the SU(2)⊗ U(1) scheme, in which case the
majoron is an SU(2)⊗U(1) singlet, with sup-
pressed Z coupling 8. Spontaneous R-parity
violation may lead to a successful electroweak
baryogenesis 9.
If R-parity is broken spontaneously then
only bilinear Rp/ terms arise in the
effective theory below the Rp/ violation
scale. Bilinear R–parity violation may also be
assumed ab initio as the fundamental the-
ory. For example, it may be the only violation
permitted by higher Abelian flavour symme-
tries 10. Moreover the bilinear model pro-
vides a theoretically self-consistent scheme in
the sense that trilinear Rp/ implies, by renor-
malization group effects, that also bilinear Rp/
is present, but not conversely. The simplest
Rp/ model (we call it Rp/ MSSM) is character-
ized by three independent parameters in ad-
dition to those specifying the minimal MSSM
model. As shown in ref. 11 this leads to a pre-
dictive pattern for neutrino masses and mix-
ing angles which provides a solution to the
solar and atmospheric neutrino problems. It
also predicts a well specified pattern of Rp/
phenomena that can be tested at collider ex-
periments, providing an independent deter-
mination of neutrino mixing angles at high
energy accelerator experiments.
2 Bilinear Rp/ MSSM
The minimal supergravity version of R-parity
breaking MSSM 12 is specified by the super-
potential,
W =WMSSM + ǫiLiĤu (1)
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Figure 2. Neutrino mixing angles in Rp/ MSSM.
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Figure 1. Typical neutrino masses in Rp/ MSSM.
Since lepton number is broken, neutrinos pick
up a mass. The expected neutrino mass pat-
tern is illustrated in Fig. (1), taken from 11.
It is typically hierarchical since only one neu-
trino acquires mass at the tree level, while
the others get mass from calculable radiative
corrections 11. As a result neutrino masses
can account for the solar and atmospheric
neutrino problems ∗. Having only bilinear
R-parity violating terms as the origin of the
neutrino masses implies also that the three
neutrino mixing angles (assuming CP conser-
vation in the lepton sector) are determined as
functions of the three bilinear Rp/ terms, lead-
ing to a predictive scenario, independently of
any particular form for the charged lepton
mass matrix. This is illustrated in Fig. (2),
taken from 11. As can be seen, large angle so-
lar solutions, LMA and LOW, now preferred
by solar spectrum data and by the global fit
∗For such small masses neutrinoless double beta de-
cay has been shown to be too small to observe 13
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Figure 3. Typical neutralino decay length in Rp/
MSSM.
of all solar neutrino data, as well as small an-
gle solution (preferred by the rates) can be
accounted for within the theory. However, as
explained in 11, for the very particular case
of strictly universal boundary conditions at
the unification scale, consistency with the re-
actor experiments 14 implies the SMA solar
solution.
3 Implications
There are a variety of implications of Rp/ mod-
els 15. The most obvious is that, unprotected
by any symmetry, the lightest supersymmet-
ric particle (LSP), produced with MSSM-like
cross sections, will typically decay inside the
detector, as shown in Fig. (3), taken from 16
Such decays are mainly into visible modes.
Just as the neutrino mixing angles charac-
terizing the neutrino anomalies, in our bilin-
ear Rp/ MSSM model also the neutralino de-
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Figure 4. Neutralino BR in bilinear Rp/ MSSM.
cay branching ratios are determined by the
same three fundamental Rp/ parameters in
eq. (1). More exactly the neutrino mixing
angles are correlated with ratios of Rp/ pa-
rameters. These may be taken as the Λµ/Λτ
for the atmospheric angle, ǫe/ǫµ for the so-
lar angle, and Λe/Λτ for the angle which is
probed by the reactor experiments 14. Here
Λi ≡ ǫi 〈Hd〉 + µ 〈ν˜i〉, µ being the standard
Higgsino mixing term. As shown in ref. 11
due to the minimization conditions the Λ ra-
tios do not introduce independent parame-
ters, hence the predictivity of the theory is
manifest. As Fig. (4) indicates, the LSP de-
cay branching ratios are strongly correlated
with the leptonic mixing angles †.
Neutralino decays can have remarkable
consequences for gluino cascade decays at
the LHC, enhancing high lepton multiplic-
ity event rates and, correspondingly, thus de-
creasing the missing momentum signal ex-
pected in the R-parity conserving MSSM 18.
If R parity is broken particles other than the
neutralino can be the LSP. One example is
the stop 19. In Fig. (5) we illustrate how
two-body Rp/ decays of the lightest stop can
be sizeable when compared with standard de-
cays 20. R parity violation can also affect
gauge and Yukawa unification 21, texture pre-
†The possibility of probing leptonic mixing angles at
accelerator experiments in Rp/ models has been pre-
viously considered in refs. 5,17.
dictions for Vcb
22 as well as b→ sγ 23. Turn-
ing to accelerators, Rp/ can affect the physics
of the top quark 24 and it can lead to new sig-
nals for chargino production at LEP2 25, and
affect the phenomenology of supersymmetric
scalars due to Higgs boson/slepton mixing 26.
Acknowledgments
This work was supported by DGICYT grant
PB98-0693 and by the EEC under the TMR
contract ERBFMRX-CT96-0090. M.H. was
supported by the Marie-Curie program under
grant No ERBFMBICT983000 andW.P. by a
fellowship from the Spanish Ministry of Cul-
ture under the contract SB97-BU0475382.
References
1. For updated analyses of solar and
atmospheric data see talk by M.C.
Gonzalez-Garcia, plots available from
http://neutrinos.uv.es. For details and
references see 2 and 3.
2. N. Fornengo, M. Gonzalez-Garcia &
J. W. F. Valle, Nucl. Phys. B580 (2000)
58 [hep-ph/0002147]; M.C. Gonzalez-
Garcia, et. al. Nucl. Phys. B543,
3 (1999) and Phys. Rev. D58 (1998)
033004.
3. M.C. Gonzalez-Garcia, P.C. de Holanda,
C. Pen˜a-Garay and J. W. F. Valle, Nucl.
Phys. B573, 3 (2000) [hep-ph/9906469].
icheptalk00: submitted to World Scientific on October 16, 2018 3
For Publisher’s use
Figure 5. Stop decay BR in bilinear Rp/ MSSM.
4. C. S. Aulakh & R. N. Mohapatra, Phys.
Lett. B121, 14 (1983).
5. A. Santamaria & J. W. F. Valle, Phys.
Lett. B195, 423 (1987); Phys. Rev.
D39, 1780 (1989) and Phys. Rev. Lett.
60, 397 (1988).
6. G. G. Ross & J. W. F. Valle, Phys. Lett.
B151, 375 (1985); J. Ellis, et. al. Phys.
Lett. B150, 142 (1985).
7. M. C. Gonzalez-Garcia & J. W. F. Valle,
Nucl. Phys. B355 (1991) 330.
8. A. Masiero & J. W. F. Valle, Phys. Lett.
B 251 (1990) 273; J.C. Roma˜o, C.A.
Santos & J. W. F. Valle, Phys. Lett. B
288 (1992) 311; J. C. Romao, A. Ioan-
nisian & J. W. F. Valle, Phys. Rev.
D55, 427 (1997) [hep-ph/9607401].
9. T. Multamaki & I. Vilja, Phys. Lett.
B433 (1998) 67.
10. J. M. Mira, E. Nardi, D. A. Restrepo &
J. W. F. Valle, hep-ph/0007266.
11. M. Hirsch, these proceedings, J. C. Ro-
mao et. al. Phys. Rev. D61 (2000)
071703 and hep-ph/0004115, Phys. Rev.
D (2000), to appear.
12. M.A.Diaz, J. C. Romao & J.W.F.Valle,
Nucl. Phys. B524 (1998) 23 [hep-
ph/9706315].
13. M. Hirsch, J. C. Romao & J. W. F. Valle,
Phys. Lett. B486 (2000) 255; M. Hirsch
& J. W. F. Valle, Nucl. Phys. B557
(1999) 60 [hep-ph/9812463].
14. M. Apollonio et al, Phys.Lett. B466
(1999) 415; F. Boehm et al, hep-
ex/9912050.
15. B. Allanach et al., hep-ph/9906224;
J. W. F. Valle, hep-ph/9808292 and hep-
ph 9603307.
16. A. Bartl, et. al. hep-ph/0007157.
17. B. Mukhopadhyaya, S. Roy and F. Vis-
sani, Phys. Lett. B443 (1998) 19.
18. A. Bartl, et. al. Nucl. Phys. B502
(1997) 19 [hep-ph/9612436].
19. A. Bartl, et. al. Phys. Lett. B384
(1996) 151 [hep-ph/9606256].
20. M. Diaz, D. Restrepo & J. W. F. Valle,
Nucl. Phys. B583 (2000) 182.
21. M. A. Diaz, et. al. hep-ph/9906343,
Nucl. Phys. B in press; Phys. Lett.
B453 (1999) 263.
22. M. Diaz, J. Ferrandis & J. W. F. Valle,
Nucl. Phys. B573 (2000) 75.
23. M. A. Diaz, E. Torrente & J. W. F. Valle,
Nucl. Phys. B551 (1999) 78.
24. H. Dreiner & R. J. Phillips, Nucl. Phys.
B367 (1991) 591; L. Navarro, W. Porod
and J. W. F. Valle, Phys. Lett. B459
(1999) 615; T. Han & M. B. Magro,
Phys. Lett. B476 (2000) 79; F. de Cam-
pos et al., hep-ph/9903245.
25. F. de Campos, O. J. Eboli, M. A. Garcia-
Jareno & J. W. F. Valle, Nucl. Phys.
B546 (1999) 33 [hep-ph/9710545].
26. A. Akeroyd et. al. Nucl. Phys. B529
(1998) 3 [hep-ph/9707395]; F. Campos
et. al. Nucl. Phys. B451 (1995) 3.
icheptalk00: submitted to World Scientific on October 16, 2018 4
